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Introduction: There have been various suggestions that abdominal aortic aneurysm rupture (rAAA) might
have a seasonal variation depending on atmospheric pressure (AP) alteration. Despite above suggestions
no study has yet examined the effect of ﬂuctuation in AP on daily, seasonal, monthly, AAA size and co-
morbidities to reach a conclusive outcome.
Methods: A total of ﬁfty (n ¼ 50) ruptured AAA over a 5-year period were retrospectively studied. Local
meteorological data on AP were obtained from UK Meteorological Ofﬁce. The data was subjected to
statistical analysis using Student’s t-test, linear regression (Pearson correlation Coefﬁcient) and Coefﬁ-
cient of determination to establish any casual link between AP and incidences of rAAA on daily, seasonal
and monthly basis. The casual link was also assessed between AP, AAA size and co-morbidities. The
outcome is presented in a format of comprehensive review of literature that detected only 6 papers in
MEDLINE and EMBASE from 1951 to 2012 in UK.
Conclusion: There appears to be a signiﬁcant correlation between mean monthly pressures and mean
monthly rupture incidence (Pearson)(n ¼ 12; r ¼ 0.61; p < 0.034; rsq ¼ 0.37). The periods of low AP
are associated with higher incidence of rupture (rAAA n ¼ 29 at mean atmospheric pressure 1012 mB
Vs rAAA n ¼ 12 at mean atmospheric pressure 1016 mB Vs rAAA n ¼ 9 at mean atmospheric pressure
of 1020 mB) in our study and all reviewed literature. In addition, no casual link between AP to co-
morbidities (diabetes mellitus, hypertension ischaemic heart disease, chronic obstructive pulmonary
disease) and AAA size could be established or found in the literature.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
To date numerous studies have been conducted to understand
the aetiology, patho-physiology and the course of abdominal aortic
aneurysm (AAA) and its path to rupture.1 AAA has a complex
aetiology but it has been speculated that familial and degenerative
components play a major role. Despite recognition of certain
modiﬁable risk factors, such as hypertension, smoking and chronic
obstructive pulmonary disease, predicting AAA rupture remains
elusive to this date.2,3 It has been suggested that seasonal variation
of meteorological parameters might be associated with cardiovas-
cular mortality.4 This correlation is distinctively supported in the
literature with regards to ischaemic coronary artery disease in the
months of winter and summer.5 However, the inﬂuence of such
factors (meteorological parameters) with emphasis on atmospheric: þ44 1245514491.
zadeh).
ciates Ltd. Published by Elsevier Ltpressure and its correlation to infra-renal AAA rupture incidence in
the literature is vague and inconclusive. Therefore, the objective of
this study is to establish whether there is a correlation between
atmospheric pressure (AP), and the incidences of infra-renal AAA
rupture on a daily, monthly and seasonal basis. Similarly the size of
AAA and its correlation to daily, monthly and seasonal atmospheric
pressurewill be assessed in synergy. The outcomewill be presented
in conjunction with other studies to reach a possible conclusive
outcome.
2. Patients and methods
A retrospective study of all ruptured infra-renal AAA from November 2007 to
June 2012 at Mid Essex Hospital Services NHS Trust with estimated population
coverage of 360,000 was designed. The hospital database for all ruptured cases that
were operated upon was searched and a total of ﬁfty-two (n ¼ 52) patients were
identiﬁed. Two patients (n ¼ 2) presented with iliac aneurysm rupture and were
thus excluded from the study. None of the patients were on any local screening
programme. All patient records (n¼ 50) were recruited and studied. The data on age,
sex and co-morbidities (Diabetes mellitus (DM), Hypertension (HTN), Ischaemic
heart disease (IHD), chronic obstructive pulmonary disease (COPD), smokingd. All rights reserved.
Table 1.1
Patients demographics.
Number of patients n ¼ 50
Mean age 75.4 (Range, 50e90 years)
Male to female ratio (8:1) n ¼ 42/50 (84% male Vs 16%)
Hypertensive n ¼ 28/50 (56%)
Ischaemic heart disease n ¼ 14/50 (28%)
Chronic obstructive pulmonary disease n ¼ 4/50 (8%)
Active smoker n ¼ 12/50 (24%)
Diabetes mellitus n ¼ 2/50 (4%)
Male patients n ¼ 42
Mean age 74 (Range, 50e90 years)
Hypertensive n ¼ 22/42 (52%)
Ischaemic heart disease n ¼ 13/42 (30.9%)
Chronic obstructive pulmonary disease n ¼ 4/42 (9.5%)
Active smoker n ¼ 11/42 (26.1%)
Diabetes mellitus n ¼ 2/42 (4.7%)
Female patients n ¼ 8
Mean age 80.7 (Range, 62e88 years)
Hypertensive n ¼ 6/8 (75%)
Ischaemic heart disease n ¼ 1/8 (12.8%)
Chronic obstructive pulmonary disease n ¼ 0/8 (0%)
Active smoker n ¼ 1/8 (12.8%)
Diabetes mellitus n ¼ 0/8 (0%)
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ORIGINAL RESEARCHhistory) were collected (Table 1.1). Similarly, the exact aneurysm size for each pa-
tient was calculated. This was achieved by examination of all individual computed
tomography angiogram (CTA) or the computed tomography (CT). The method of
measurement was antero-posterior external diameter on true longitudinal plane in
millimetres. The exact date for all ruptures and the preceding day was sent to the
regional Meteorological Ofﬁce (UK). The mean daily atmospheric pressure in Milli-
bars (mB) on both days for all patients was received (n ¼ 100). The data was sub-
jected to statistical analysis using AcaStat software Version 8.1.11(2012). Student’s
t-test, linear regression (Pearson correlation Coefﬁcient) and Coefﬁcient of deter-
minationwere utilized as a part of the statistical analysis and a p-value of<0.05 was
taken to reﬂect signiﬁcance. Total ruptures were expressed cumulatively per month
and seasonally as deﬁned by UK Meteorological ofﬁce (spring, MarcheMay; Sum-
mer, JuneeAugust; autumn, SeptembereNovember; winter, DecembereFebruary).
Due to the retrospective nature of the study, lack of any intervention, availability of
the essential data for clinical reasons and possible service improvement no ethical
approval was found necessary.
An electronic search of MEDLINE and EMBASE for any literature in English
language from 1951 to May 2012 was performed. The references were also reviewed
for any additional studies. This search was limited to any study on atmospheric
pressure (AP) and abdominal aortic aneurysm (AAA). To the best of our knowledge
we found a total of 10 published papers. All papers were retrieved and studied. In
our review, we included only those papers (n¼ 6) (Table 1.2) that were conducted in
UK. This is due to the signiﬁcant climate difference to Australian, Mediterranean and
North American countries (n ¼ 4).3. Results
A total of ﬁfty (n ¼ 50) ruptured AAA cases were identiﬁed
during this period. Themale-to-female ratio was 7:1 withmean ageTable 1.2
The included studies (n ¼ 6).
Study/Year Cases Daily Monthly
Talbot et al. (1972) n ¼ 165 Not assessed.  Peak rupture
(n ¼ 27).
Varty et al. (1995) n ¼ 372 Not assessed.  Peak rupture
 No correlation
Ballaro et al. (1998) n ¼ 19,599 Not assessed.  Peak rupture
January (p ¼
Bown et al. (2003) n ¼ 223 Not signiﬁcant (p ¼ 0.15).  Peak rupture
(p ¼ 0.05).
Harkin et al. (2005) n ¼ 144 Positive correlation (p > 0.029).  Peak rupture
September (p
Smith et al. (2008) n ¼ 182 Lower AP on days of rupture
(p ¼ 0.025).
Not signiﬁcant (of 75.4 (range, 50e90 years). The most common co-morbidity was
hypertension (HTN) (56.0%)(n ¼ 28) followed by ischaemic heart
disease (IHD) (28%)(n¼ 14), chronic obstructive pulmonary disease
(COPD) (8.0%)(n¼ 4) and diabetes mellitus (DM) (4.0%)(n¼ 2). Only
24.0% were (n ¼ 12) were found to be active smoker at the time of
the operation (Table 1.1) The mean AAA rupture size was 72.52 mm
(range, 40e100 mm). The highest number of ruptures occurred in
the month of March (n ¼ 7; Mean pressure ¼ 1015.40 mB) and
June (n ¼ 7; Mean pressure ¼ 1015.24 mB) followed by February
(n ¼ 6; Mean pressure ¼ 1004.68 mB) and April (n ¼ 6; Mean
pressure: 1007.73 mB) with lowest in August (n ¼ 1: Mean
pressure ¼ 1018.2 mB). In terms of seasonal rupture, spring had
the highest incidence of rupture (n ¼ 17; Mean pressure:
1012.21 mB) with least occurring in autumn (n¼ 9; Mean pressure:
1020.23 mB).4. Atmospheric pressure and seasonal variations
The data was analysed in a number of ways to demonstrate any
casual relationships between mean daily atmospheric (on day of
rupture), mean pressure difference (day before and on day of
rupture), aneurysm size and rupture presentation. The p value
(p 0.24) (Student’s t-test) for pressure difference on day basis was
(the day of rupture and its preceding day) insigniﬁcant. However,
The p value (Student’s t-test) for mean monthly and mean seasonal
pressure difference showed boarder line correlation respectively
(p ¼ 0.059, mean monthly pressure difference ¼ 2.08 mB;
range, 2.51e10.85 mB; 95% CI  2.93), (p ¼ 0.054, mean seasonal
pressure difference¼ 1.65 mB; range, 0.19e3.41 mB; 95% CI 0.10).
There was a signiﬁcant correlation between mean monthly pres-
sure and mean monthly rupture incidence (Pearson)(n ¼ 12;
r ¼ 0.61; p < 0.034; rsq ¼ 0.37). No casual relationship was
detected between mean seasonal pressure and mean seasonal
rupture frequencies (Pearson)(n ¼ 4; r ¼ 0.108; p < 0.89;
rsq ¼ 0.0118). This was also insigniﬁcant for monthly and seasonal
pressure differences to the rupture incidences.5. Aneurysm size and co-morbidities
The data analysis failed to exhibit any correlation between the
mean daily, monthly and seasonal pressure and that of the aneu-
rysm size in all categories (Pearson and Pearson correlation Coef-
ﬁcient) (p < 0.58, r ¼ 0.078, rsq ¼ 0.006; p < 0.29, r ¼ 0.330,
rsq¼ 0.109; p< 0.66, r¼ 0.331, rsq¼ 0.109). Further sub-analysis of
the co-morbidities (Diabetes mellitus, Hypertension, Ischaemic
heart disease, chronic obstructive pulmonary disease, smoking
history) did not detect any casual relation to monthly and seasonal
rupture incidences.Seasonal Comments
in December  Peak rupture in Winter.  No AP recorded.
 No p value given.
March (n ¼ 44).
(p ¼ 0.96).
 No statistical correlation.  No AP records provided.
in December,
0.003).
 Peak rupture in winter
(p ¼ 0.01).
 No AP records provided.
in December  No seasonal comparison
assessed.
 Positive correlation between
rupture & proceeding months
mean AP (p ¼ 0.01).
in April &
< 0.03).
 Peak rupture in Autumn
& Spring.
 Mean AP was lower on days
of rupture.
p ¼ 0.079).  Not assessed.  Low AP associated with
increased risk of rupture.
Table 1.3
Seasonal correlation of Co-morbidities.
Season Ruptures HTN IHD Smoker COPD DM
Spring 17 7 3 2 1 0
Summer 12 8 5 3 1 0
Autumn 9 7 1 1 0 0
Winter 12 6 5 6 2 2
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The “Laplace law” has been traditionally used to ascribe an infra-
renal AAA deformation and its rupture. According to this law there
is a direct relationship between tension, pressure and the radius of
each cylindrical structure. In simple terms the pressure gradient
across the aortic wall is dependent on intra and extra luminal
pressures.6 The intra-luminal pressure is produced by a discrete
quanta of energy through each cardiac cycle within the circulating
blood and its compositions. This results in oscillation, loading and
unloading of the ﬁbres in the aneurysmwall and produces changes
in diameter of the vessel wall.7 Due to a relative high concentration
of collagen and elastin within abdominal aorta, considerable
dispensability is permitted, but once the gradient pressure exceeds
100 mmHg (133 mB) the aorta becomes very stiff, and recruitment
of non-distensible collagen occurs.7 The extra-luminal pressure is
referred to the intra abdominal and tissue pressure that measures
around 5e7 mmHg (6.66e9.33 mB) and can rise to acceptable
levels of 12 mmHg (16 mB).8
The alteration in AP has been shown to affect the partial pres-
sure of the oxygen (PO2) and carbon dioxide (PCO2) in circulatory
blood. It appears that the effect is considerably signiﬁcant and av-
erages to about 2.3% per 100 mmHg (133 mB) for partial pressure of
oxygen and 1.0% per 100 mmHg (133 mB) for carbon dioxide.
Similarly, it has been calculated that 3.7% of total variation in PO2 is
attributed to AP alterations.9 In addition, it has been suggested that
seasonal meteorological parameters can inﬂuence blood pressure
in hypertensive and normotensive indididuals.10,11 The combination
of hypoxia, hypercarbia and alteration in blood pressure secondary
to AP ﬂuctuations can result in notable circulatory disturbances.
These include activation of chemoreceptors, arterial and non-
arterial baroreceptors for increase in sympathetic stimulation
thus secretion of adrenaline and noradrenaline.12,13 Above physio-
logical changes in light of hypertension which is an independentGraph 1.1. Showing the mean AP on the day (MAPD) and day before (MAPB) and number orisk factor in precipitating AAA rupture, could result in intra and
extra luminal pressure ﬂuctuations and possible rupture.14 How-
ever, our data failed to show any casual relation between hyper-
tensive group of rAAA patients and AP. In fact the number of
hypertensive patients showed an almost equal spread in all seasons
(Spring n¼ 7, Summer n¼ 8, Autumn n¼ 7, winter n¼ 6)(Table 1.3).
It has also been suggested that smoking which is an indepen-
dent risk factor for AAA growth, might be related to seasonal and
monthly rAAA under the effect of AP alterations.15,16 Indoor
smoking especially in colder months has shown to produce 1.5e6.0
times higher levels of tobacco pollution than the outside environ-
ment.17 Therefore AP changes in conjunction with tobacco induced
haemodynamic disturbances might be an explanation for higher
suggested rupture incidences inwinter months.18 However, while it
is well established that smoking causes damage to the vessel wall,
there is no comprehensive explanation as to how active smoking
precipitates into rupture and our data failed to exhibit any corre-
lation between smoker group of rAAA and AP (Table 1.3).
It has been speculated that seasonal variations in rAAAmight be
due to AP ﬂuctuation (increase Vs decrease) that may indirectly
affect the “vessel wall stress” by creating a larger pressure differ-
ence across the wall.19 The ability of the abdominal aorta to with-
stand this pressure difference is thought to be determined by the
strength of the vessel wall and a large pressure difference, may add
to the pre-existing deformed aorta and cause rupture.20,21 Our data
showed a possible correlation in both monthly and seasonal AP
ﬂuctuations and of rAAA (p ¼ 0.059, mean monthly pressure
difference ¼ 2.08 mB; range, 2.51e10.85 mB; 95% CI  2.93),
(p ¼ 0.054, mean seasonal pressure difference ¼ 1.65 mB; range,
0.19e3.41 mB; 95% CI  0.10)(Graph 1.1) (Graph 1.2).
Talbot et al. were the ﬁrst to suggest, in their study in 1972, a
seasonal peak (winter season) in AAA and thoracic aorta rupture
incidence.22 These ﬁndings were complimented by Ballaro et al.
who conducted a large research (n ¼ 19,599) across England and
Wales to ﬁnd a statistically signiﬁcant higher incidence of rupture
during winter season (p ¼ 0.01).23 However, neither of the studies
offered any data on AP to determine whether there was a casual
link between pressure and rupture ratio. Despite above outcomes
our data showed higher incidences of rAAA in spring than winter
(n ¼ 17; Mean pressure: 1012.21 mB Vs n ¼ 12 Mean pressure:
1012.34 mB) although the mean seasonal pressure in both seasons
(spring andwinter) was similar andmuch lower than other seasons
(summer mean pressure: 1016.24 mB & Autumn mean pressure:
1020.23 mB) (Graph 1.2).f ruptures per month, higher AP is associated with lower rAAA (n ¼ 50)(2005e2012).
Graph 1.2. Showing the mean AP on the day (MAPD) and day before (MAPB) and number of ruptures per season, the drop in rAAA as AP increases (n ¼ 50)(2005e2012).
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between AP and rupture incidence. The ten-year long study of 233
patients reafﬁrmed ﬁndings of a peak incidence of AAA rupture in
the winter season.24 It also concluded that there might be a cor-
relation between low AP and rupture ratio that was also noted in
our study as the cumulative number of ruptures were much higher
in lower AP seasons than those of higher AP (rAAA n ¼ 29 at mean
atmospheric pressure 1012 mB Vs rAAA n ¼ 12 at mean atmo-
spheric pressure 1016 mB Vs rAAA n ¼ 9 at mean atmospheric
pressure of 1020 mB) (Graph 1.2). The study by smith et al. also
showed a possible link between low AP and increased rupture
frequencies (p ¼ 0.025).25
In the category of monthly AP and rAAA, Hakin et al.26
demonstrated months with lowest mean AP posses higher fre-
quency of rupture (p < 0.0001). Similarly, a statistically signiﬁcant
relationship between AP and monthly rupture frequencies was
identiﬁed (p < 0.03). This outcome favours the signiﬁcant correla-
tion between mean monthly pressures and mean monthly rupture
incidence of our data respectively (n ¼ 12; r ¼ 0.61; p < 0.034;
rsq¼ 0.37). Amongst the reviewed literature therewas no evidence
to demonstrate that the size of the AAA might be related to AP
variations and in our study we could not establish any casual link
either. Similarly, only two studies could demonstrate a daily cor-
relation of rupture to low AP25,26 with others failing to assess or
show any signiﬁcant results.
7. Conclusion
The actual cause of infra-renal AAA rupture at any particular
period remains elusive to this date. However, there is no doubt
that such event is due to multiple number of established factors
and physiological alterations. The outcome of this review sug-
gests that periods of low AP irrespective of the day, season or the
month are associated with higher incidences of rupture and
might need to be considered as an addition to other known
precipitating factors. In addition, the evidence gathered might
support the policy of prioritisation in elective AAA repair during
potentially high-risk seasons (winter and spring) based on as-
sociation with low atmospheric pressure trends. The actual
physiological and haemodynamic impacts of low AP on AAA are
currently based on postulated hypothesis that may require
further investigation.
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